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Abstract CO, Trajectories Question Greenhouse Gas Distribution

Misconceptions about climate science are widespread amongst university students.

, , , Misconceptions : :
Assessment questions to measure student knowledge were developed, validated using — - = — : Misconceptions
. . .. . A stock can stabilize even if inflows and outflows are unequal (violation of conservation of : :
student interviews, and administered in pre-tests and post-tests to undergraduate students Greenhouse gases are a layer 1n the atmosphere that traps in heat (Shepardson
. . . . . . . mass) (Sterman and Booth Sweeney 2002).
enrolled 1n a climate science course. Student interviews revealed common climate science : : : : : et al., 2010)
misconceptions held by university science students. Pre-test, post-test and one-year ;?éii@:;;;ﬁﬂﬁ?;?;ﬁ Cé fr(e):;: stzcz)cé;? re likely proportional to the trajectory of the Greenhouse gases are only generated by anthropogenic processes (Niebert and
retention tests revealed significant knowledge gains and during the course, and retention Y Gropengeisser, 2011)
of concepts one year later. Results from interviews and assessment administration were "Logically, I don't think it makes sense for an outflow to be higher than an inflow" (Student 80). CO, causes a hole in the ozone layer. (Niebert and Gropengeisser, 2011)
used to make recommendations for assessment questions and teaching strategies. . - o . . - . .
Imagine a scenario in which the stock of CO, in the atmosphere rises A China is one of the biggest contributor to the carbon dioxide, and it says, the dis-
StUd GO aIS then stabilizes at about 1000 Gton C by the year 2100, as in the § » tribution of carbon gases, so I think it should be thicker in front of, like above Asia.
Y figure below. g But for Canada, like the sky is so blue, and you know the air is relatively
The purpose of this study is to inform teaching and assessments of key climate science = 100 - § fresh” (Student 85)
concepts, targeting common student misconceptions about climate science. This study 2 5
: . @ 1000 - 3 i |
focuses on four key parts of the climate system: g = ha = = = 100 |
1. Climate feedback loops affecting global temperature s %0 B Pre-test
2. System dynamics of carbon stocks and flows to and from the atmosphere E 800 - § ol B Post-test
3. The size of reservoirs and the magnitude of flows of carbon to and from the atmosphere ~ . g 80 |
4. The distribution of greenhouse gases in the atmosphere Z 3 i
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Assessment questions about four key climate science concepts were developed using 2010 (inflow) and the net removal of CO, from the atmosphere by 7 = 17 40-
learning goals or common misconceptions, and were validated with 16 student interviews. ngtural pr.olfzssoes upbt,(l)_ the ygar;l%loo (Out}fllow)’ Gllven tile Scenljrioh : X
Assessment questions were administered to undergraduate students in pre— and post-tests above, with &0, stabtlizing by » On the next plot, please sketch: g ¢
in the climate science course EOSC 340. Knowledge gains were measured by comparing L. Your estimate of the likely future inflow (through 2100) : | 20~
pre- and post-tests scores. Knowledge retention was measured by administering 2.Your estimate of the likely future outflow (through 2100) N |
assessment questions to 23 students, one year after they completed EOSC 340. i 10 e i -
Figure 3. The CO, trajectory question and examples of student answers. A shows the correct 0
answer, where inflow=outflow at the end, and outflow doesn’t increase after 2010. B shows 145 2 3+4 6
Cl 1 mate Fee db a Ck Qu esti ONs correct mass balance, but outflow increases unrealistically after 2010, and C shows incorrect mass Figure 5. Answers to the question “Which diagram shows the distribution of
. balance, where inflow and outflow don’t meet when stock is stabilized. Few students in pre-or greenhouse gases 1n the atmosphere?” Options that appeared similar to students
Learning Goals post-tests drew A. More students drew B than drew C in the post-tests and retention tests than in (1 and 5, and 3 and 4), are grouped together. Options 3 or 4 are the most correct
Predict what happens to stocks and flows when a system 1s perturbed the pre-test, demonstrating knowledge gain about climate system dynamics. QPtiOHS» and students ShOWG.d knowledge gain by more frequently pickjng .3 or 4
: : in the post-test. but many still thought greenhouse gases concentrated in high
Generate feedback loops by connecting a logical set of processes . -
population centers (option 2).
“I want to say that for it to get warmer again, some like random thing just has to happen, for C arb on Cycle Rankings
it to kind of like, recycle back to the stable temperature. I’'m just not sure how to link that into, R d .
like the causation of everything” (Student 80). Misconceptions eccommendations
: Code : . : : : : : :
e A which,for s reason, globaltemperature getscolder. Thiscauses other things 1o 1ot The magnitude of flows between reservoirs is proportional to the size of the reservoirs 1.Students demonstrated knowledge gain about climate feedbacks, especially the
happen. From this starting point, create a sequence of events on Earth that results in global temperatures v actually elated (mt erview S) ice-albedo feedback (Fl g 1) Future teachin gC ould focus on Planck’s feedback
i d d colder. . . . . . . . .
getting colder and col er;nm;;azre oy Loop leads back to de |71 Concentration in a reservoir and reservoir size are proportional (interviews) and lapse rate, as few students remembered these one year later.
. r COLL — N ¢ 19 LA . oq o . . . . . . . . . .
?éi?fe?;? ubr:‘ > gets colder (for = tnote 1 TSRO f.f( . - o [ creasing 1 Familiarity with a reservoir or flow and its size are proportional (interviews) 2.Future teaching could focus on the capacity of natural outflow processes to
o) ﬁ;lllitizié?s\;grl:t/euﬁteer *l When plants respire, the carbon goes into the soil, not the air (Ebert-May et al., 2003) balance continued human inputs, as after the course students tend to understand
| scales Human greenhouse gases inputs must be very large to affect climate (Gowda et al., 1997) mass balance (Fig.3B), but not the capacity of natural outflows (Fig.3A).
\ | AT # il ol om Y\ L T » T . . .
5 fyore Eiy lght alder — rmo - i sy BPR an 1nlcorrect statement g “I'm not familiar with weathering rocks, so I'm going to put that as least” (student 84). 3. Future teaching could focus on the magnitudes of human and natural flows of
\Q*U’q (YL S ¥ 16/ Tota 9 ; ' .
A So the largest flow would mean, I guess the largest flow would come from the biggest reservoirs, carbon to and from the atmosphere (Fig. 4).
Figure 1. Coded student answer to the amplifying feedback question. Scores ranged and oceans are also pretty big.” (Student 81) 4.The options in the greenhouse gas distribution question could be edited so
from —1 to 3, and each student received a summed score for the two questions between 100 . . , . — 100 . ] . ] —100 T options 1 and 5 and options 3 and 4 are more easily distinguished by students.
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